Micro-satellite instability (MSI) may underlie one of the etiologies in multistep gastric carcinogenesis, which is strongly related with the alteration of DNA mismatch repair genes. There are many reports for this abnormality in sporadic or familial gastric cancer, but only a few in multiple gastric cancer. In order to elucidate the difference between these two groups, we performed the assessment of MSI by 10 micro-satellite markers in 4 multiple and 25 single gastric cancers using fluorescent DNA auto-sequencer. We detected replication errors (RER) in one (25%) of 4 cases of multiple gastric cancer and 2 (8%) of 25 cases of single gastric cancer, which showed no statistical significance between these two groups. Both cases of single cancer were advanced cancers, of which histological types were poorly differentiated adenocarcinoma, and they showed less than 2 positive markers. On the other hand, in the RER positive case of multiple gastric cancer, histological types were well-differentiated adenocarcinoma and early cancers, in which of one lesion indicated that 7 micro-satellite markers were positive. And the other lesion in the same case showed RER negative, which showed that genetic heterogeneity was recognized.
Introduction
In recent years, molecular biological studies of hereditary non-polyposis primary cancer included gastric cancer and on familial gastric cancer have been increasing in recent years (Horli, Han et al., 1994; Akiyama, Nagasaki et al., 1996; Keller, Rudelius et al., 1998 and Shinmura, Tani et al., 1998) , but there are only a few reports on multiple gastric cancer . In this study, MSI was examined in 4 cases of multiple gastric cancer and in 25 cases of single gastric cancer, using a fluorescent auto-sequencer, and the relevance of MSI in both types of cancer was investigated.
Materials and Methods

Patients
We analyzed 4 cases of multiple gastric cancer and 25 of single gastric cancer surgically resected in the Department of Surgery, the Makino Memorial Hospital (Yokohama City, Japan) between 1996 and 1998. Since the cases of multiple gastric cancer were all synchronous and accompanied with 2 lesions in each stomach, there were a total of 33 cancerous lesions. Clinicopathological features of these cases were summarized in Table I 
Results
In 3 (10.3%) of 29 cases RER positive was recognized with at least one or more markers (Table II) . They were 2 of 25 cases of single gastric cancer (8%) and 1 of 4 cases (25%) of multiple gastric cancer, which showed no statistical significance between these two groups. The details of the 3 cases of MSI positive were presented as follows. (Table III) .
With respect to LOH of No. 17 chromosome, no abnormalities were recognized in any of the specimens retrieved.
Discussion
Since mismatch repair genes such as hMSH2, hMLH1, hPMS1 and hPMS2 are linked to each other and caused to function as a single unit, it is supposed that if mutations should be noted in any of these genes, normal function would be lost (Prolla, Christie et al., 1994) . MSI reflects abnormalities in these mismatch repair gene systems, and it is thought to be a cause of DNA replication error, resulting in the increase of frequency for genetic mutations and sequentially potential for carcinogenesis.
In this study, the ten most widely used types of marker were selected from micro-satellites investigated in past reports. In the analysis for RER assessment, when there were alterations in one or more markers, it was assessed as shift (+), that is RER positive, although there were differences in judgement of RER used by various reporters.
Therefore, the overall incidence of RER was 3 out of 29 patients (10.3%), which was relatively low in comparison to those in other reports (Seruca, Santos et al., 1995; Rhyu, Park et al., 1994; Sepulveda, Santos et al., 1999 and Kim, Woo et al., 2000) . It has been recognized that there is a higher incidence of RER in gastric cancer in Japan, Korea or Portugal, as compared to Europe and United States (Sepulveda, Santos et al., 1999 and Wirtz, Muller et al., 1998) , and this tendency is probably based on inherent factors.
Variations in positive rates can be observed even among reports from the same region, and this is ascribed to deviations in background factors of the cases, as well as to differences in the kinds and numbers of micro-satellite investigated (Wirtz, Muller et al., 1998) .
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Several characteristic points have been identified for MSI in the carcinogenetic process of gastric cancer. Rhyu, Park et al., (1994) reported that in 2 of 16 cases of RER positive gastric cancer, MSI of the same pattern as that in cancer was recognized in dysplasia adjacent to cancer. In the investigation by Semba, Yoshizaki et al., (1996) , the rate of positive MSI was 42% in 12 patients with gastric adenoma, and 33% in 9 with intestinal metaplasia. RER was observed even in intestinal metaplasia, which should be a precancerous lesion, so they pointed out that some intestinal metaplasia might be genetically unstable and might be the starting point of multistep carcinogenesis.
Hamamoto, Yokozaki et al., (1997) also reported that RER was positive in 4 of 15 patients with incomplete-type intestinal metaplasia adjacent to gastric cancer. Therefore, MSI is thought to be an event that occurs in the early stage of the carcinogenetic process.
Differences in the number of MSI positive locus can be present as the second characteristics. In our study, of the cases of MSI positive, 2 patients with advanced cancer had up to 2 loci, but 1 patients with early stage cancer had RER phenotype with 7 loci. In the report by Keller, Ruselius et al., (1998) , 4 of 14 patients with of RER positive single gastric cancer had 6 or more loci, and the remaining 10 patients had 3 loci or less.
Moreover, of the patients with low level MSI, many were of significantly advanced tumor stage (pT3+pT4). In contrast, in patients with high level MSI of 6 loci or more, only earlier tumor progression was noted (pT1+pT2). These results were consistent with our own research findings. Dos Santos, Seruca et al., (1996) reported that carcinomas with multiple RER positive loci predominantly showed intestinal or atypical histological differentiation, expanding growth pattern, absent or minimal desmoplastic response, abundant lymphoid infiltration, low DNA content, relatively low frequency of lymph node metastasis, and better prognosis, as compared to those with a few RER positive loci.
Furthermore, Gleeson, Sloan et al., (1996) pointed out that low-level instability could be a reflection of inherent instability, and differences in the locus count of RER positive might suggest that there could be differences in carcinogenetic process and in genetic pathway.
There are some reports concerning overall RER frequency, clinicopathological factors and prognosis. In our study, no correlation was found between RER and various factors such as age, gender, histological type, venous invasion, lymph node metastasis or pTNM classification. The results obtained by Wirts, Muller et al., (1998) were also consistent with our own findings, indicating that no differences were observed between early stage cancer (pT1) and advanced cancer (pT2-pT4). In addition, they pointed out that MSI occurred in the early stage of tumor progression. In the series by Keller, Ruselius et al., (1998) , among clinicopathological factors a significant difference was noted only in tumor localization, but similar differences were not found with other factors. Respecting prognosis, it was reported that the prognosis was significantly better in patients with RER positive than in RER negative (Oliveira, Seruca et al., 1998) and that no significant differences could be noted (Wirts, Muller et al., 1998) . A definite agreement could not be obtained for prognosis.
Reports for MSI in multiple primary cancers including gastric cancer and in multiple gastric cancer are quite few. Horii, Han et al., (1994) reported that RER positive was observed in 34 of 38 patients with multiple primary cancer (89%), which showed a significantly higher incidence in comparison to those with single cancer (11%). And in 22
of 38 patients with gastric cancer, 5 patients had MSI positive with low loci, but the remaining 17 patients had high frequency of at least 2 loci. They pointed out that the RER positive cases might be believed as a high risk of having additional primary carcinomas. To our knowledge, there were only reports for multiple gastric cancer by and . In their investigation of 14 patients with multiple gastric cancer, RER was positive in 11 patients (78.5%), but no significant differences could be observed between these and RER negative cases in clinicopathological factors such as age, gender, histological type or clinical stage. Since RER was significantly higher in multiple gastric cancer as compared to single gastric cancer , they concluded that there was a high potential of additional carcinogenesis in patients with multiple gastric cancer as in multiple primary cancers, and that a genetic predisposition that encouraged carcinogenesis was obtained. In our study, RER was found at a high frequency in multiple gastric cancers in 1 of 4 cases of multiple gastric cancer (25%) as compared to 2 of 25 cases of single gastric cancer (8%). These differences were not statistically significant, but our positive rate was lower than that of . The reason was thought to be based on the different ANNALS OF Cancer Research and Therapy kinds of micro-satellite investigated. In our multiple cases, only one cancer showed RER positive, but the other had RER negative, which showed heterogeneity of MSI. In 11 patients with RER positive multiple gastric cancer, Nakashima et al., also recognized heterogeneity of MSI in 8 cases (72.7%), indicating that this was not a rare phenomenon in multiple cancers . As they pointed out, even in the same microenvironment or the same genetic background, the generation of separate tumors might occur along different genetic pathways. It is also suspected that heterogeneity of MSI might be due to random occurrence of MSI in each tumor.
Unfortunately, details of the relationship between RER and carcinogenesis are still unclear because most of the reports, including our own, cover only a small number of cases. Nevertheless, although it is impossible to explain the carcinogenetic process in terms of alterations to each single genes, the mechanism of RER carcinogenesis must be elucidated by establishing uniform standards of evaluation and accumulating cases based on the same.
